The Lake Sapanca Basin is located in an area where urbanization and industrialization is rapidly increasing because of its geographical location. The Sapanca Lake Basin was opened to settlement densely after 1980 due to recreational activities for urbanization and industrialization. The aim of this study is to investigate and evaluate the changes in natural vegetation and settlement caused by the effects of human activities in the Sapanca Lake Basin. For this purpose, Landsat 5 TM (1987) and Landsat 8 (2013) satellite images have been used. These images have been analyzed using ERDAS and ArcGIS software's and this was supported and confirmed by the carried land studies. The results showed that there has been an % 12.8 decrease in the high density green vegetation areas. It is concluded that the natural vegetation of Sapanca Lake Basin damaged rapidly in the period between the years of 1987-2013.
Introduction
The natural and man-made changes in green vegetation cause degradation, deforestation, loss of biologic diversity, global warming and the increase in natural disasters. Factors such as population growth, urbanization cause uncontrolled and unplanned changes in vegetation. This is a complex issue due to the coexistence of various causes of different levels (Efe et. al., 2012) . Hence, causing significant environmental problems which have an influence on the decision making process about the existing and following the environmental management plan (Reis, 2008; Ikiel et al., 2013) .
In recent years, multi-time, high resolution satellite images with long term data validation at the same scale have been used commonly in the studies such as the density of agricultural activities, . Analysis of the changes in vegetation of the Sapanca Lake Basin (in Turkey) using multitemporal satellite data. International Journal of Human Sciences, 12(1), 1095 Sciences, 12(1), -1106 Sciences, 12(1), . doi: 10.14687/ijhs.v12i1.3186 1096 urbanization rate, shoreline change, forest destruction and vegetation changes (Doker 2012; Ozdemir and Bahadir, 2010; Schucknecht et al., 2013) . In remote sensing technology, classification methods are also used to create classes for feeding information about the density of vegetation.
Remote sensing is an important medium in order to show the direct or indirect change of green information about the change in overall (large and micro-scale) vegetation (Lausch et al., 2013) .
The Lake Sapanca Basin, located within the borders of Sakarya and Kocaeli provinces has been opened to intense settlement after 1980s with the effect of recreational activities. As a result, the bearing capacity of the basin in terms of settlement has started to increase. Furthermore, the water quality of the basin has begun to degrade and the natural environment started to be destroyed (Kacmaz, 2010) . The aim of this study is to determine the changes in the natural vegetation of the Sapanca Lake Basin due to man-made factors and activities. Using the multitemporal satellite data technique, Landsat 5 TM (1987) and Landsat 8 (2013) satellite images were considered. These images were first confirmed by land studies, then after, have been analyzed using ERDAS and ArcGIS software's. The results show that the natural vegetation of the Sapanca Lake Basin was damaged rapidly in the period between the years of 1987-2013.
Experimental Work

Study area
The study area is the Sapanca Lake Basin. This basin is located in the Catalca -Kocaeli section of the Eastern Marmara Region of Turkey. Although this basin is located in the provincial borders of Sakarya and Kocaeli counties, the larger part of it, is within the provincial borders of Sakarya. The Sapanca Lake Basin is located between the eastern longitude of 30° 5 ' -30° 21 ' and the northern latitude of 40° 47 ' -40° 36 ' in the north-west of Turkey (Figure 1 ). Izmit -Sapanca Corridor stretches between, including the plain and lake inside (Bilgin, 1984) . The larger part of this basin is constituted by the fields below 500 m altitude. The foothills of Samanli
Mountains is located in the Basin constitute of the parts above 500 m altitude. The highest spot of this study area is Kartepe Hill and is with 1602 m height. The area of Sapanca Lake Basin area is around 46.9 km² and its deepest point is 53 m in depth. The Lake of Sapanca is nourished by the streams flowing down the mountains located in its northern and southern parts while, ground waters are rising from the lake bottom. The water of these streams is fresh water. The main streams of the basin are; Karacay, Kurucay, Mahmudiye, Karanlik, Istanbul, Cinarlik, Gurgenli, Balikhane, Esme, Aygir and Arifiye. The average yearly temperature is 13.5 ºC and it reflects the features of the thermal regime type of Marmara region (Kocman, 1993) . The average annual precipitation in the lake basin differs between 700 -900 mm. The precipitation features are similar to the precipitation regime type of the Black Sea (Ikiel, 2005) . The winter in the lake basin is warm and rainy, however the summer season is not dry and hot as in the Mediterranean climate. This type of climate has an effect on the vegetation, therefore the elements of Mediterranean and Black sea climates prevail alongside. Lake of Sapanca Basin is quite rich in terms of vegetation (Avci, 1993) . This area is within Euxine province of Euro-Siberia Phytogeographic Region.
In this study, the Hygrophilous forests take large space of the area under investigation. (Atalay, 1994) .
Apart from the climate of this area, the changes in population and settlement characteristics have its large influences on the vegetation. This covers the increase in summer holiday camps and their gradual conversion into permanent houses (Kacmaz and Ikiel, 2007) . Furthermore, this area is located in Marmara Region, which is the most affected place from urbanization and industrialization in our country.
The population of Sapanca and Kartepe settlements that constitute the lake basin has shown a %100 increase since 1985 to 2013 ( Figure 2 ).
Figure 2. Population change of Lake of Sapanca Basin
Data and Methods
Data
For this study, the essential data are the change of vegetation and its density and the morphological structure, vegetation distribution and population structure and features. Data for the change of vegetation and its density were provided by satellite images from Landsat 5 TM (1987) and Landsat
(2013) supplied by US Geological Survey (USGS) Earth Resources Observation and Science
Ikiel, C., . Analysis of the changes in vegetation of the Sapanca Lake Basin (in Turkey) using multitemporal satellite data. The morphological structure, vegetation distribution and population structure and features data were obtained by the sample points (.aoi), topographic maps (G24) at the scale of 1:100.000
provided by General Command of Mapping, Forest management plans of the chiefdoms of Suadiye, Izmit, Sapanca, Adapazari from General Directorate of Forestry and total population data of 1985 -1990 -1997 -2000 -2007 . Apart from this land survey we carried out in which the reference points were chosen using a hand held GPS.
Method
The analyses of the vegetation change were carried out in four phases or steps. These are, (1) image preprocessing (geometric correction), (2) determining the classification of green vegetation and NDVI, (3) supervised classification and (4) accuracy analysis.
Image Pre-Processing
In this step, firstly, the bands having similar features and wavelengths of the satellite images with different number of bands have been combined separately for both images. In this process, band ordering of Landsat 5 TM image has been taken into account. Then, the geometric correction of satellite images has been carried out using "linear polynomial method" and taking the topographic maps at the scale of 1:100.000 as reference. In this process, 4 clearly discernible ground control points have been chosen for each satellite image. As a result of rectifier process, the total amount of error margin (RMSE-Root Mean Square Error) has been considered to be under 1.0 pixel. The geographical reference of both satellite images has been defined as Universal Transverse Mercator -UTM, WGS-84. For further steps in the analysis, the satellite images have been considered at the border line of the area under study. . Analysis of the changes in vegetation of the Sapanca Lake Basin (in Turkey) using multitemporal satellite data. 
NDVI = (IR -R) / (IR + R)
The NDVI image results in a number that ranges from -1 to +1. The negative value describes an area where there is no vegetation like cloud, rock or water. The positive value means that the area is covered with vegetation. As the value gets closer to +1, it indicates the highest possible density of green vegetation (Duran, 2007; Peng et al., 2012) . 
Supervised Classification
The Supervised classification was carried out choosing the available sample areas in the image data by image processing algorithm or making use of predetermined spectral features. In this process, over 70 homogeneously distributed sample areas of interest (.aoi) have been determined. In the study area out of total 4 classes of the locations where the density of vegetation is different. During the supervised classification process, aoi function has been focused to reduce the possibility of intermingling of classes (Ikiel et al., 2012; Ikiel et al., 2013; Ustaoglu, 2012) . All images were independently classified using the supervised classification method of maximum likelihood algorithm. Then after classification process, all sample areas have been classified according to class types determined by "recode" function. A 5x5 median filter has been implemented in order to eliminate the unnecessary information in the classified image.
Accuracy Analysis
The Function of Accuracy Analysis was implemented to evaluate the accuracy of classified images.
In this process, over 70 random reference control points have been determined for 4 classes on the map of the study area. Point spreads have been chosen in direct proportion to areal distribution of classes. Confusion matrix data, accuracy table and kappa statistics were obtained. The confusion matrix is the most common layout data to determine the accuracy of classification results. Hence, the pixels falling on the reference data of the classified pixels belong was determined and the matrix is formed by collocating the numbers in columns. Furthermore, the confusion matrix was used as the base to realize the evaluation of overall accuracy, user's and producer's accuracy and kappa analysis (Guler et al., 2007; Jensen, 1996) . The overall accuracy was calculated by dividing the total number of pixels to the total correct numbers in the confusion matrix (Congalton, 1991; Lui et al., 2010) . In overall accuracy, a high accuracy for one class can mask the bad performance of other classes. The criterion of user's and producer's accuracy of each class was calculated in order to prevent this case. The producer's accuracy refers to the possibility of accurate classification of reference pixels and user's accuracy refers to the ratio of the classified pixels in the reference data of that class (Congalton, 1991; Lui et al., 2010) .
Finally, in the accuracy analysis of the kappa statistics which is a multivariate technique was used for the control of the accuracy analysis (Congalton, 1991; Guler, et al., 2007; Jensen, 1996) . (Table 3) . It is clear from the accuracy analysis in Table 2 and Table 3 that, the lowest classification accuracy detected is in medium density and low density of green vegetation sites. Heterogeneous character of these classes can be stated as the reason behind of this case. The increase of the cultivated areas and the sites are due to ornamental plants which were grown in the medium density of green vegetation areas and due to the existence of some classes whose reflectance rate similar to each other in both classes could be shown as the cause of that. The highest classification accuracy is for no vegetation . Analysis of the changes in vegetation of the Sapanca Lake Basin (in Turkey) using multitemporal satellite data. International Journal of Human Sciences, 12(1), 1095 Sciences, 12(1), -1106 Sciences, 12(1), . doi: 10.14687/ijhs.v12i1.3186 1103 areas. The underlying factor is the water mass in the class and the homogeneous character of rocky areas. . Analysis of the changes in vegetation of the Sapanca Lake Basin (in Turkey) using multitemporal satellite data. . Analysis of the changes in vegetation of the Sapanca Lake Basin (in Turkey) using multitemporal satellite data. There is an % 7.7 increase from 5182.4 to 7250.6 hectares and % 5 increase from 1040.6 to 2392.7 hectares in the medium density and low density of green vegetation areas respectively. This could be explained by the increase of human effect because of the growth in urbanization and industrialization. In another words, the conversion of cultivated areas into residential areas as second house construction. Since no vegetation areas have more stable state, a significant change has not been observed.
Results and Discussions
Accuracy Analysis
Vegetation Change Analysis
Conclusions
In this study, the vegetation changes between 1987 -2013 in Lake of Sapanca Basin has been studied by the techniques of Remote Sensing (RS), geographic information system (GIS), Landsat 5 TM, Landsat 8 satellite images and the following conclusions were reached.
-The overall accuracy of both satellite images are over % 80 and their kappa statistics are over 0.80.
-There has been % 12.8 decrease from 16175.3 hectares to 12732.9 hectares in the "high density of green vegetation" areas and % 7.7 increase from 5182.4 to 7250.6 hectares and % 5 increase from 1040.6 to 2392.7 hectares in "medium density" and "low density of green vegetation" areas, respectively.
-The main element affecting the development in the basin is the emergence of a class with high income level that sees recreational activities as a need after urbanization and industrialization activities.
-Consequently, due to the geographical and commercial activities of the Sapanca lake region, the natural vegetation is being destructed and replaced by industrial enterprises. This finding is an alert informs about the possible change trend in future. Therefore, human activities in the research area should be followed-up for sustainable development.
